Lactic Acid Response to Epinephrine * by Nalebuff, Donald Jay & Winternitz, William W.
DONALD JAY NALEBUFF Departments of Physiology and Internal Medicine, Yale University School of
WILLIAM W. WINTERNITZ Medicine
LACTIC ACID RESPONSE TO EPINEPNRINE IN EXPERIMENTAL LIVER DISEASE
A REVIEW*
In the following experimental study the ability of normal and partially
hepatectomized rats to clear their bloodstream of epinephrine-induced
lactic acid loads was compared. As reported previously, significant differ-
ences in the handling of these loads were observed, and additional studies
were carried out comparing the effect of carbon tetrachloride poisoning and
bile duct ligation on the rat liver's ability to handle similarly induced lactic
acid elevation.2"
REVIEW
In 1924 Long reported that the blood lactic acid level of resting man
ranged between 10-20 mg. per cent."8 Similar values for blood lactic acid
were found in other mammalian species."' Between 1927-1931, numerous
investigators studied the blood lactic acid level in diseased liver states. Many
of these experiments were carried out before the actual role of the liver in
lactic acid metabolism was firmly established. Adler and Lange, Mizumo,
and Noah reported resting lactic acid levels of 30-90 mg. per cent in their
patients with advanced cirrhosis, acute hepatic necrosis, and arsenical hepa-
titis." 2' Others reported elevations in experimentally induced damaged
liver states.'"' The majority of workers in this field, however, found that
blood lactic acid values fell within the normal range in most forms of hepatic
disease.2'8'0' ' It was generally concluded that the liver's remarkable func-
tional reserve enables it to maintain normal lactic acid concentrations, except
in the terminal stages of liver failure. This determination was, therefore,
abandoned as a method of estimating hepatic function.
It had been suggested as early as 1927 that the administration of sodium
lactate might reveal hepatocellular dysfunction ;2"' that is, a damaged liver,
still capable of maintaining normal lactate concentrations under usual con-
* Supported by the James Hudson Brown Memorial Fund. The material here
presented is taken from the thesis of one of the authors (D.J.N.) submitted to the
Faculty of the School of Medicine in partial fulfillment of the requirements for the
degree of doctor of medicine.
Received for publication March 5, 1956.
96Lactic acid response to epinephrine NALEBUFF, WINTERNITZ
ditions, might not be able to convert exogenous lactate to liver glycogen
rapidly enough to maintain normal blood lactic acid concentrations. It has
subsequently been shown, in both animal and human experiments, that either
the oral"l'9 or intravenous administrationD""`
` of sodium lactate to
patients with hepatocellular dysfunction leads to a more protracted rise in
the blood lactate level than in normal controls, with the rate of disappear-
ance paralleling the severity of the disease. The intravenous route of ad-
ministration of sodium d-lactate is the basis of a lactate tolerance test.4 "
In this test a blood sample is drawn prior to the administration of 75 mg./
kilogram body weight of d-lactate in a 10-14 per cent solution. The lactate
concentration in a second blood sample taken 30 minutes after the injec-
tion is compared with the level found in the initial blood sample. An ele-
vation of 5 mg. per cent or more in the lactate concentration is considered
to be evidence of liver dysfunction.'8 Cohn, utilizing this technique, found
positive results in 34 of 36 patients with hepatocellular jaundice. Only four
of 26 patients with obstructive jaundice gave positive results. Three of these
four, moreover, later gave histological evidence of secondary hepatocellular
damage."
Inasmuch as exogenous lactate loads are handled poorly by the dis-
eased liver, physiologically induced endogenous lactic acid loads should suf-
fer a similar fate. Diaz and Cuenca in 1928 compared the basal lactic acid
levels after the patient had been absolutely quiet for 30 minutes with the
high levels obtained after exercise.8 They found that with repose patients
with normal liver function returned to basal levels in twenty minutes. In
patients with known liver disease this period of recuperation was prolonged.
By 1930 it was established that subcutaneous epinephrine raised the blood
lactic acid level at the expense of muscle glycogen.5" The Coris and others
showed that this lactic acid is carried to the liver where it is deposited as
liver glycogen."61' It may be stored in this'form or liberated into the blood-
stream as blood glucose and subsequently be reconverted into muscle glyco-
gen. In 1931 Loeb, Reeves, and Glasier reported on studies of the blood
lactic acid level following epinephrine in patients with hepatic disease.'7
These authors were unable to find any significant difference in the eleva-
tion of lactic acid one hour after epinephrine in patients with and without
liver disease.
Our results in rats show that although there is no difference in the
maximum lactic acid elevation after epinephrine, there is a significantly de-
layed return to basal levels in animals subjected to experimentally pro-
duced liver damage." These results are strikingly similar to those in dogs
and humans as recorded in 1935 by Nitzesco and Gontzeu from Bucharest
in a paper which we recently obtained.'
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MATERIALS AND METHODS
Sprague-Dawley albino male rats weighing 180-210 grams were used throughout
the experiment. All animals were kept in a constant temperature room on a uniform
laboratory diet. Ten per cent dextrose solutions were substituted for the drinking
water of the partially hepatectomized rats on the first post-operative day. In the
majority of the experiments resting animals received a subcutaneous injection of 0.02
mg./100 g. body weight of a freshly diluted solution of epinephrine (Adrin, Sharpe &
Dohme) with added glutathione. Other experiments were carried out with the intra-
peritoneal administration of a 0.04 mg./100 g. body weight of a similarly prepared
epinephrine solution. A micro-method technique for lactic acid determinations was
used.' This method requires only 0.1 cc. of blood which was easily obtained from the
TABLE 1. EFFECT OF SUBCUTANEOUS EPINEPHRINE ON BLOOD LACTIC ACID
IN NORMAL AND PARTIALLY HEPATECTOMIZED RATS
Part-hep. rats
Time Normal rats 1-4 days' post-op.
Resting, before epinephrine 17 0.25* (57)t 16.5 ± 1.3 (17)
1 hr. after epinephrine 41 + 1.7 (36) 46 ±3.3 (16)
2 hrs. after epinephrine 21 ±0.3 (28) 37 ±2.3 (17)
3 hrs. after epinephrine 17 ±2.3 (25) 36 ± 1.4 (11)
4 hrs. after epinephrine ............... 27 +2.3 (11)
5 hrs. after epinephrine ............... 20 ± 1.5 (13)
* Standard error t Number of determinations
tail vein. All lactic acid determinations were done in duplicate. Coleman spectro-
photometer readings of the samples were compared with standard curves obtained
from solutions of known lactate concentrations. Partial hepatectomy was performed by
a well-described technique in which 70 per cent of the liver mass is easily removed
under ether anesthesia?l Carbon tetrachloride poisoning was accomplished by the
intraperitoneal injection of 0.10 cc. of CC14/100 g. body weight, a modification of a
recently described technique.' Bile duct ligations were performed through a mid-line
incision which exposed the liver bed. The bile ducts were isolated and separated
between two silk sutures. Hematoxylin and eosin slides were obtained from autopsied
liver specimens on the second and fifth day after CC4 poisoning and bile duct ligation.
Autopsy studies were done eight to nine days after partial hepatectomy.
RESULTS
The resting concentration of blood lactic acid was the same in the normal
and partially hepatectomized animals (Table 1). Both groups of animals
exhibited a similar moderate rise in the lactic acid levels one hour after the
administration of subcutaneous epinephrine. Two hours after epinephrine,
normal animals showed a rapid clearance of lactic acid and by three hours
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had returned to resting levels. One- to four-day-post-operative partially
hepatectomized rats did not return to previous resting levels of lactic acid
until five hours after epinephrine.
Similar differences in the handling of epinephrine-induced lactic acid
loads were observed when the route of administration and dosage of epine-
phrine were altered (Table 2). The intraperitoneal route, however, led to a
TABLE 2. EFFECT OF INTRAPERITONEAL EPINEPHRINE ON BLOOD LACTIC
ACID IN NORMAL AND PARTIALLY HEPATECTOMIZED RATS
Part-hep. rats
Time Normal rats 1-4 days' post-op.
Resting, before epinephrine 17 ± 0.25* (57)t 16.5 ± 1.3 (17)
30 min. after epinephrine 57.5 ± 2.2 (14) 61.0± 2.0 (19)
60 min. after epinephrine 30.5 ± 2.5 (17) 58.5 ±2.5 (19)
90 min. after epinephrine 22.5 ± 1.0 (18) ..............
105 min. after epinephrine 14.0 1.0 (12) 34.5 ± 3.0 (23)
140 min. after epinephrine ................ 30.0 ± 4.0 (9)
* Standard error t Number of determinations
TABLE 3. BLOOD LACTIC ACID LEVEL THREE HOURS AFTER SUBCUTANEOUS
EPINEPHRINE IN RATS
Animals No. determinations Blood lactic acid (mg.%)
Normal 25 17 ± 2.3*
Part-hep. 1-4 days post-op. 11 36 ± 1.4
Part-hep. 8-9 days post-op. 9 20 ±2.0
CCl4 poisoned 2nd day 34 34 ± 3.5
CCLI poisoned 5th day 14 20 ± 1.5
Bile duct lig. 2nd day 8 14.5 ± 1.0
Bile duct lig. 5th day 9 30 ± 2.5
* Standard error
greater rise in the lactic acid levels in both groups of animals. Normal rats
were able to restore the lactic acid concentration to pre-injection levels
within 105 minutes after the intraperitoneal injection of epinephrine. The
one- to four-day-post-operative partially hepatectomized rats still showed a
100 per cent elevation over basal levels at that time (Table 2). The results
obtained by these different routes of administration of epinephrine were
essentially the same (Fig. 1).
99YALE JOURNAL OF BIOLOGY AND MEDICINE
These observations suggested that lactic acid determinations done either
105 minutes after intraperitoneal or three hours after subcutaneous ad-
ministration of epinephrine could serve as a means of detecting liver damage.
This assumption was tested in rats by studying the effect of CCl4 poisoning
and bile duct ligation on the rat liver's ability to clear endogenous lactic
acid loads. Only the sub-
mg.% cutaneous route of ad-
60 AFTER ministration of epine-
?t INTRAPERITONEAL phrine was used in the
50 d"s \ remaining studies.
The clearance of lactic
SUBCUTANEOWS acid was found to be im-
CY 40 ~~~~~~~~~~EPINEPHRINE
.4 p /J s"vv \ , paired in rats which had
0 , been injected forty hours Q30 %% / \ "^^previously with CC14
Jl %%% / \ ^^(Table 3). Hematoxylin-
°J20.
% and eosin-prepared slides
co %* of the damaged livers re-
o0 vealed many areas of
necrosis, frequently con-
PART HEP. fluent, involving one-half
°;>8 w @ 90 120 150 180 to two-third of every
TIME IN MINUTES lobule. The persistent
AFTER INTRAPERITONEAL AND SUBCUTANEOUS lactic acid elevations were
EPINEPHRINE the same as those seen
FIG. 1. with the surgical removal
of 70 per cent of the liver
mass. Repeat determinations done 120 hours after CCl4 poisoning, how-
ever, revealed a normal ability to handle endogenous lactic acid loads. Simi-
lar findings were seen in the eight- to nine-day-post-operative partially
hepatectomized rats. These results are consistent with the demonstrated
regenerative capacity of the liver after CCl4 intoxication and after partial
hepatectomy.u15 Our histological studies were consistent with these pre-
vious studies.
Two days of biliary obstruction did not affect the liver's ability to clear
lactic acid despite clinical jaundice (Table 3). Repeat determinations done
five days after duct ligations, however, showed impairment of this aspect of
liver function which was probably related to the secondary hepatocellular
damage following prolonged bile stasis. Hematoxylin and eosin sections of
these livers showed, in addition to the bile duct changes, a dense exudate
of polymorphonuclear leucocytes in all portal zones. These exudates ex-
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tended into the adjacent parenchyma where there appeared to be numerous
foci of necrosis. These findings suggest that the biliary obstruction was
complicated by an ascending cholangitis.
For a graphic representation of the lactic acid determinations three hours
after epinephrine see Figure 2.
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DISCUSSION
In 1930 the Coris showed that the normal liver is able to clear epinephrine-
induced lactic acid loads within three hours.6 Our findings and those of
Nitzesco and Gontzeu' show that the damaged liver is unable to clear
lactic acid loads within this time. It is suggested, therefore, that lactic acid
determinations three hours after epinephrine injection might be utilized as
a test of liver function. Loeb et al., however, concluded that the determina-
tion of lactic acid levels after epinephrine was not a good measure of hepatic
function. This was because they studied only the maximum elevations of
lactic acid and failed to observe relative clearance rates. Maximum eleva-
tions occurred one hour after epinephrine. No three-hour determinations
were recorded. Our results suggest that the clearance of epinephrine-
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induced lactic acid loads might be as sensitive an indicator of liver damage
as the sodium d-lactate loading test.
Cohn, in 1942, concluded that the sodium d-lactate tolerance test was
more accurate than other available tests in differentiating hepatocellular
from obstructive jaundice.4 This test, however, has never been widely used.
One of the disadvantages of exogenous lactate loading is the necessity of
utilizing the d-lactate salt. It has been shown that less expensive mixtures of
d-l lactate are not handled as efficiently as the d form.6' L-lactate is not con-
verted into liver glycogen but is excreted in the urine. The use of epineph-
rine-induced lactic acid loads obviates this difficulty since only d-lactic acid
is released during muscle glycogenolysis.
Another deterrent to the general use of lactate tolerance curves has been
the difficulty of performing lactic acid determinations. The Barker-Sum-
merson technique,'l used in these experiments, is less cumbersome than
earlier methods; however, it is still difficult to perform as a routine labora-
tory test. Recently described enzymatic techniques utilizing lactic acid
dehydrogenase may overcome this obstacle.9
Since the liver contains amine oxidase, which may contribute to the in-
activation of epinephrine, the question arose whether we were measuring
the liver's ability to destroy epinephrine rather than its ability to convert
lactic acid into liver glycogen. However, the lactic acid curves obtained after
epinephrine are similar to those reported after the infusion of sodium d-
lactate. In addition, similar results were observed following both the sub-
cutaneous and intraperitoneal administration of epinephrine. This occurred
despite the fact that a large percentage of intraperitoneally administered
epinephrine passes through the liver before reaching the systemic circula-
tion. We feel, therefore, that the liver's ability to inactivate epinephrine was
not responsible for the delayed lactic acid clearance in these experiments.
SUMMARY
1. A brief review of the literature pertaining to lactic acid determinations
in diseased liver states has been presented. The advantages and disadvan-
tages of lactate loading tests are discussed as well.
2. Blood lactic acid levels after the injection of epinephrine were deter-
mined in normal rats and in others subjected to partial hepatectomy, carbon
tetrachloride poisoning, and bile duct ligation.
3. Hepato-cellular loss or damage consistently impaired the clearance
rate of endogenous lactic acid loading after epinephrine. Biliary obstruction
had no such effect until secondary hepato-cellular damage following pro-
longed biliary stasis had occurred.
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4. A return to normal in the handling of lactic acid loads could be corre-
lated with histological evidence of liver regeneration in the partially hepa-
tectomized and CC14 poisoned animals.
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